Electrolysis of ET in a mixed solvent of methanol/CHCl 3 with bromide yielded 
Since the 1970s, an enormous number of organic molecular conductors have been developed. In general, the formal charge of them does not exceed +1 (or -1). When the formal charge becomes exactly one, charge transport becomes difficult because of the extra energy required to overcome the Coulomb repulsion when a molecule accommodates two charges. On the other hand, when the formal charge exceeds +1 (or -1), band filling becomes below (or above) the half-filled level. Thus, the nature of the carriers may change from holes to electrons (or electrons to holes) as the formal charge goes beyond 1. In this situation, electrostatic repulsion between the charge carriers is considered to be identical to that in partially oxidized (reduced) salts with formal charges not exceeding one. However, electrostatic repulsion between the molecules becomes much larger, since each molecule has a charge exceeding +1 (or -1). Therefore, it becomes much more difficult for molecules to pack tightly enough to gain sufficient  interaction in this situation. The -conjugation is also more extended than those in ordinary donors, and this makes the overlap integral (proportional to the transfer integral) so large that it overcomes the electrostatic repulsion between the molecules with charges of the same sign. The delocalization energy of the charges is large enough to diminish the on-site Coulomb repulsion energy, and the salt with a formal charge of +1 also shows high conductivity.
In our previous report, 7 the crystal structure and transport properties of (ET) 3 (Br 3 ) 5 were briefly described. Band calculation showed a metallic feature, and the transport was indeed metallic at high temperatures. However, the resistivity showed a gradual increase below 120 K, while the magnetic susceptibility revealed Pauli-like paramagnetism down to 2 K. In order to clarify this inconsistency, we have re-measured the electrical conductivity, and observed its metallic behavior down to low temperature.
In this paper, we describe the crystal growth, detailed structural features, and physical properties of (ET) 3 (Br 3 ) 5 and discuss the structural characteristics of the metallic conductors with formal charges exceeding one.
Experimental
Materials. Single crystals of (ET) 3 (Br 3 ) 5 were obtained by the same method reported. 7 Galvanostatic oxidation was performed using an electrocrystallization cell equipped with a glass frit between two compartments. Brownish-black platelet crystals were grown on the anode at a constant current of 4. Br (TPP = tetraphenylphosphonium and PTMA = trimethylphenylammonium). The solvent system was a mixture of methanol and chloroform (typically 10 ml and 20 ml, respectively).
Elemental analyses of the bulk product indicated slightly larger C and H contents (Calcd: C, 15.32; H, 1.03, S, 32.71%. Found: C, 16.24; H, 1.24; S, 32.82%), indicating that a small amount of ET salts with lower bromine contents coexisted. However, thin platelets with well-developed flat planes always gave the same cell parameters which could be assigned to (ET) 3 (Br 3 ) 5 . The byproduct was crystallized in a form of aggregation of micro-crystals of which identification was not performed due to its small quantity and poor crystallinity. For the measurements described below, thin platelets characteristic of (ET) 3 (Br 3 ) 5 were selected. Single-crystal resistivity measurements were carried out using a four-probe method in the temperature range of 5-300 K. Gold thin layers (about 100 nm thick)
were deposited on the crystal surface as contacts between the crystal and gold lead wires.
The temperature dependence was measured using a closed cycle cryostat system in the temperature range of 5-300 K. The sample chamber was evacuated for about 10 min. at room temperature, and kept in vacuum during the measurements. Magnetic susceptibility measurements were performed on a Quantum Design MPMS SQUID susceptometer with a static field of 1 T in the temperature range of 2-300 K for the randomly oriented polycrystalline sample (2.34 mg). The sample room was evacuated and backfilled with He gas three times before loading the sample in the magnet. The 
Results and Discussion
Crystal Growth. Although ET is known to form partially oxidized salts when electrolysis is performed with an electrolyte containing I 3 -or IBr 2 -, crystal growth with an electrolyte containing Br 3 -was thought to be difficult. 9 An exception was found for a solvent system of C 6 H 5 COCH 3 . In this solution, poor quality crystals were obtained, but their composition and structure were unknown. In most polar solvents, chemical oxidation of ET by Br 3 -is thought to occur spontaneously before electrolysis. This has been supposed to prevent the crystal growth of partially oxidized salts of ET with Br 3 -.
However, the true reason may be that it is difficult for Br Crystal structure. The crystal structure of (ET) 3 Table 1 . The differences between the two methods are rather small, and in both cases, the ET molecules have formal charges larger than one. However, none of the values is as large as +1.67, which is that expected from the composition. This is considered to be due to inaccuracies in the bond lengths (rather large standard deviations), since the unit cell contains many Br atoms, which have a larger scattering factor and absorption cross section than those of ET. There also appear to be small charge differences between the ETs. However, when taking the bond lengths of b and c, which have smaller standard deviations, the differences are found to be rather small. Fig. 1b ; two in the lateral direction and two in the stacking direction), and the shortest contacts along both directions are summarized in Table 2 . Considering the van der Waals radii of Br (1.85 Å) and S (1.80 Å), and the thickness of the aromatic ring (3.5 Å), 15 it can be seen that ET and Br 3 -are closely located. (2) ET(III') 3.335(2) ET(I') 3.438(4) a Notation is defined in Fig. 1b.   b Mean plane calculated using the TTF skeleton.
Aggregation by strong electrostatic attraction between ET and Br 3 -subsequently induces efficient intermolecular  interaction between the ET cations. The HOMO-HOMO overlap integral values are appreciable in all the neighboring ET pairs.
The band structure has 2-D Fermi surfaces with both electron and hole character. The cohesive force of this crystal is considered to be a sort of ionic bond.
Therefore, the lattice is supposed to be harder than those of other partially oxidized salts with formal charges less than one. In order to check this point, the temperature dependences of the lattice parameters were measured. The results are shown in Fig. 2 together with those of -(ET) 2 I 3 as a reference. The volume contraction rate of Physical properties. In our previous report, 7 lead wires for resistivity measurements were directly attached to the crystal surfaces by gold or carbon paste.
However, it was difficult to obtain reproducible data due to noisy signals below 120 K probably due to poor contacts at low temperatures. Therefore, we adopted the data with a relatively small S/N ratio in the previous report, which showed a slight increase in resistivity below 120 K. In the present study, gold was evaporated onto the crystal surface to reduce the contact resistance. As a result, clear metallic behavior was reproducibly observed below 120 K, as shown in Fig. 3a . However, the resistivity again became scattered at lower temperatures. This is probably due to micro-cracking of the crystal or unstable electromotive force at the interface at low temperatures. Though some anisotropy was observed, it was not conclusive because sample dependence was also observed. In any case, the temperature dependence is metallic along the directions parallel to the 2-D sheet, which is consistent with the band calculation and the temperature dependence of the magnetic susceptibility (Fig. 3b) . The Curie tail component at low temperatures is rather small (0.16%), and the overall temperature dependence can be considered to be typical Pauli-like paramagnetism. Therefore, it is safe to assume that the metallic state remains at low temperatures. However, the susceptibility value is somewhat large for Pauli-like paramagnetism, suggesting that the correlation effect cannot be completely ignored. The optical properties of (ET) 3 (Br 3 ) 5 in the visible and near-infrared region were examined by the diffuse reflectance method. The Kubelka-Munk function, f(R), which corresponds to the absorption, is shown in Fig. 4 . The spectrum of (ET) 3 (Br 3 ) 5 reveals a characteristic peak at 1.45 eV. The intramolecular transition of ET 2+ was reported to occur at 855 nm (1.45 eV) with a shoulder at 714 nm (1.74 eV). 16 On the other hand, the transition in ET + is known to occur at ca. 1.3 eV, as exemplified by -(ET) 2 I 3 in Fig. 4 .
The observed peak can be considered to consist of a main contribution from ET 2+ and a small contribution from ET + , which is consistent with the formal charge of ET 5/3+ . (Fig. 5a ). In (ET) 6 (AuBr 2 ) 6 Br(TIE), AuBr 2 -anion is situated in a pocket surrounded by the ETs (Fig. 5b) . In the case of (ET) 2 Cu 3 Br 7 (H 2 O), the anion incorporation is inevitable since ET coordinates to the counter metal-complex anion; nevertheless the resultant 2-D sheet has the same feature as those in the other anion incorporated networks of ET (Fig. 5c) metallic conductivity down to low temperature among them, which may result from the ionic-crystal-like feature of persistence toward lattice deformation and shrinkage. In A 3 C 60 , the 3-D C 60 network incorporates many counter cations (Fig. 5d) . The (-anion radical):(cation) ratio is 1:3. The sufficient number of counter cation is considered to strengthen the ionic-crystal-like feature. The lattice and its metallic conductivity are stable down to low temperature. 
Conclusion
The title salt of (ET) 3 properties. However, enhancement of the magnetic susceptibility implies that the metallic state might be proximate to some instability such as charge-order states. The ability of this crystal to maintain a stable metallic state at low temperatures may result from its ionic-crystal-like features, in which lattice deformation and/or lattice shrinkage is resisted as compared with typical partially oxidized salts with low oxidation states.
This feature is believed to lead to suppression of the phase transitions that accompany lattice deformations for energy gain in the electronic system or lattice shrinkage causing enhancement of inter-site correlation effects.
Formation of the anion incorporated 2D sheet is considered to be a common feature for the conducting ET salts with formal charges exceeding one. Availability of  interactions along various directions allows ET to crystallize into metallic conductors with the anion incorporated 2-D sheet structure. Such 2-D sheets have been obtained for ET-type donors even when the oxidation state is less than one. 18 However, this feature is especially important when the oxidation state exceeds one.
